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1 NT THE SPEC IFICATION: 

please amend the specir.cation as follows. No new matter has been added by way of 


these amendments. 


(X x 


Please replace the paragraph at page 6, lines 2-4 with the fol lowing new paragraph: _ 

The word ‘II 2 S resistant’ means that the material is does not form microarracks that 
weaken the material. However, the material may still 'read' with HrS. Thus, a non-reaetive or 
inert, material is also H,S -resistant, but the reverse may not be Iruo-_-- 

Please replace the paragraph at page 7. lines 11 -15 with the following new Paragraph: 


A/ 


There were 4 series of tests conducted; 

1. Flowline MonelMONlL® t est 


2. Flowlinc titanium test 


3. Elastomer lest 


4. Displacement unit test 


& 


Please replace the paragraph at page 7, lines 21-23 with the following new paragraph: 


Figures 4 and 5 are representative of the behavior of the Mene tMONEL® aud Titanium 
sections of the flowline, respectively. Here we see that, after pumping 50 ppm H 2 S through the 
AA=nielMQN£1 M tube for 4 hours, only 12 ppm is coming out, while the Titanium is nearly non 


reactive, 


Please replace the paragraph at page 8, lines 7-10 with the following new paragraph: 

The displacement unit differs from the flowline in that the fluid is resident on the same 
. material for roughly 30 seconds. The displacement unit is made from both Meno lMONEDfra nd 

Aluminum-Bronze, and it clear from Figure 8 that the displacement unit extracts 16 ppm of the 
H 2 S within 30 seconds and all 50 ppm of the H 2 S from the fluid within an hour. 
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please replace the paragraph at page 8, lines 19-24 with the following new paragraph: - 

A scries of flowlinc, elastomer and displacement unit tests were conducted. The results 
( indicate that both the displacement unit and the MenelMONEL® sections of the flowline react 

vQ significantly with any H 2 S in the fluid, Therefore, even alter a significant pump-out period, the 

K concentration of H 2 S at the location of the sample bottle may not be representative of the level 
^ which is entering the probe. An H 2 S sensor positioned near the sandfacc may be required. 

Thus, the development of a non-rcactivc bottle may be dcsiiablc. ____ 

Please replace the paragraph at page 11, lines 27- 28 with the following new paragraph: _ 

| \ . FIG. 4 is a graphic illustration of the relationship between hydrogen sul fide concentration 

VN and time for a MonelMQNEL® Tube with 50 ppm test g as;--—-- 

Please replace the paragraph at page 14, lines 13-20 with the following new paragraph: 

Figure 11 shows the testing cell 30 of Figure 10 in greater detail. This illustration zooms 
in on the hydrogen sulfide tape 42 and coupons 38 as they are positioned in the housing 32. The 
■n me tal coupons 3 8 of this embodiment comprise Menel MONEL ® and two types of Cupro-niclccl. 

\ Coupon dimensions of this particular embodiment are approximately 0.062” thick x 0.5” x 0.8” 

with a 0.234” diameter hole. Dimensions of the tape are similar; approximately 0.004 thick x 
J 0.5" x 1.0” with a 0.250” hole. Other dimensions, shapes and configurations may be envisioned. 

The tape 42 and coupons 38 can be inserted/removed from the slots 36 in the housing 32 through 
the use of needle nose pliers or by other means, _ 


Please replace the paragraph at page 15, lines 13-19 with the following new paragraph: 

/ As shown in greater detail in Figure 13, coupon 78 may comprise a U-shaped slab that 

(1 when inserted into the slots 76 exposes one portion 82 of the coupon 78 to the formation fluid 

f while another portion 84 is isolated from the formation fluid. A lop surface 86 of the coupon 78 

\V can be coated with a non-rcactive substance such as Teflon TEFLON® or certain plastics. This 

^ surracc 86 can provide another area of the coupon 78 that is protected from hydrogen sulfide 

contact and serve as an unreactcd surface for interpretation purposes. The apparatus 70 can 
comprise material that is non-reactivc to hydrogen sulfide. 
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P| casc replace the paragraph at page 16. lipes 2-14 with to following now paragraph: __ 

“Coupons" as used heroin refers to a detector for identifying and/or measuring hydrogen 
sulfide. For example, a coupon may bo a sample of metal that does not react, unless exposed to 
H,s Potential metals may include: MenetaHay M°P°lff e"°Y 400 (UNS N04400). 70-30 
cupronickel (UNS C71500), 90-10 cupronickel (UNS C70600) as well as others reactive to 
hydrogen sulfide. It is desirable that the coupon materials that are used cover a range of 
hydrogen sulfide reactivity, so that a quantitative determination of the hydrogen sulfide content 
can be made. For example, if one coupon reacts at very low levels of hydrogen sulfide (< 5 
ppm), a second coupon reacts between approximately 15-25 ppm hydrogen sulfide, and a third 
coupon reacts between approximately 25-100 ppm. With this typo of apparatus the presence of 
hydrogen sulfide can be observed and a quantitative analysis of to hydrogen sulfide content can 
be obtained based on an optical change of the surface of the coupon. The tom. “optically 
rcaclivo” within the present application means a material having an external surface that changes 

color in the presence of hydrogen sulfide. _____—-- 

Please replace to paragraph at page 16, lines 19-23 wi th the following now paragraph: _ 

Studies were performed to select metals capable of eliciting a detectable response under 
wellbore conditions. As shown in Figure 16, several materials were selected for detection of 
hydrogen sulfide. Those materials include: three copper nickel alloys - MeMtMQMEL&alloy 
400,70-20 cupronickel, and 90-10 cupronickel; three iron-chromium alloys - 5Cr, 9Cr and 12Cr 
steels; 316 stainless steel; Nickel alloy 200, heoley lNCOLOY®_alloy 600 and alloy B (a 

nickcl/molvbdenmn alloyl ------- 

Please replace the paragraph at page 17. lines 16-21 with the following new paragraph: 

The tests were performed in two phases. The initial part of Phase I involved exposure of 
three coupons - MenelMONEL® alloy 400, 70-30 cupronickel and 90-10 cupronickel. 
" However, the final three tests also contained Nickel alloy 200 and alloy B. Phase IT involved the 
exposure to the three iron-chromium alloys, 316 stainless steel, Jnealey INCOLOY® alloy 600 
and alloy B. Specimen evaluation was performed by visual examination. The presence and 
coloration o f the corrosion product on the v arious corrosion coupons was determined- 
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Please replace the paragraph at page 17, line 22 - p. 18, line 4 with the following new paragraph: 


The rcsuU$ of the coU pon tests conducted in the - PhaseTandThase fi programs are 
summarized in Figures 17 and 18 respectively. The first two tests conducted with oil-based mud 
f as the liquid phase were used to examine the influence of oil-based mud on the corrosion of the 
' V alloys without the presence of hydrogen sulfide. As indicated m Figure 17, only a slight 
(\ \ tarnishing of the surface was observed to occur in the cupronickel alloy coupon over the range o f 
temperatures from 250-400°F for durations of 2-6 hours, This type of attack was characterized 
as a light darkening of the specimen surfaces. For the Mena lMOMFL ® and 70/30 cupronickel, 
this observation was manifested by a thin, light-gray surface layer. For the 90-10 cupronickel, 
this was a darkening of the natural light orange color of this alloy. No attack was found on the 
MonelMONHL®_alloy 400 coupon in these first two tests, The tarnish film observed in these 
studies was desc ribed as allowing the metallic nature of the coupon to be observe^ -__ 



Pta.se replace the paragraph at page 18, lines 17-26 with the following new paragraph: 



Following die completion of the above-mentioned Phase I tests, three more tests were 
conducted that included additional alloys with the aim to find materials which would show a 
color transionnation at higher hydrogen sulfide concentrations than observed for the nickel- 
copper alloys. Tests 16 through 18 examined the behavior of Nickel alloy 200, alloy B and 
Inc o l oy TNCOLOY® alloy 600 at intermediate hydrogen sulfide levels (e.g ., 10-25 ppm). The 
results in Table 2 indicate that Nickel 200 exhibited a light gray corrosion film at 25 ppm 
hydrogen sulfide but not at 10 ppm and 18 ppm. By comparison, alloy B showed a 
transformation from a tarnish film at 10 ppm to a gray corrosion film at 18 ppm that darkened 
when going to 25 ppm hydrogen sulfide. Wey INCOLOY®600 had a tarnish film in all three 
tests and did not exhibit a transformation to a corrosion film at up to 25 ppm concentration. 



Please replace the paragraph at page 18, line 27 - p. 19, line 8 w ith the following new paragraph^ 

Based on the results of the tests in Phase I depicted in Fig. 17, it appears that all three 
copper-containing alloys (MenetMONBL© alloy 400, 70/30 cupronickel and 90/10 cupronickel) 
produced a discemable color change at very low levels of hydrogen sulfide (<5 ppm). 
Furthermore, it was observed that alloy B produced a noticeable color change between 18 and 25 
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ppm hydrogen sulf.de. Therefore, Iho next step in this exploratory study was to try 10 find a 
A material that would indicate the presence of higher levels of hydrogen sulfide in the range of 2 - 
\ ' 100 ppm A search for new candidate materials was conducted and a test matnx devc ope . re 
K „ st of candidate materials developed included taeley INCOLOY®_alloy 600, three iron- 
' chromium alloys (5Cr, 9Cr and 12Cr) and 316 stainless Steel. Alloy B and N.ckel alloy 200 

were also included in the program for comparison. - ------ 

Please replace the paragraph at page 19, lines 19-22 with the fo llowing new paragraph:- 

As observed in Phase I, broeiey INCOLOY&alloy 600 produced only light tam.sh films 
D up to approximately 25 ppm hydrogen sulfide. The Phase II tests showed that the corrosion 

X films changed front gray to black over the range of about 25 to 100 ppm, which was particularly 

noticeable by visual examination bet ween about 75 to 100 ppm at 250 Fund at 50 ppm at 300 F. 

Please replace the paragraph at page 19, line 23 - p. 20, line 2 with the following new paragraph: 

fire initial phase of testing in this program revealed that all of the copper-containing 
alloys M^ MONEIO alloy 400 anti the two cupronickels) examined were very sensitive to 
\ t color change when exposed to hydrogen sulfide at elevated temperatures. The lowest 
concentration of hydrogen sulfido used for testing (5 ppm) produced clear signs of a gray to dark 
X gray corrosion product on each of these materials. In tenrrs of partial pressure, this condition 

r was 0 005 psia hydrogen sulfide (5 ppm x 1000 psi). It was also assessed that this process was 

not highly dependent on test temperature. Therefore, any of the three coppcr-contamrng 
materials should be adequate for identifying service conditions with only traces of hydrogen 

_ sulfide. _____—- 

Please replace the paragraph at page 20, lines 3-7 wi th the following new paragraph: _ 

rx The Phase I prograroalso identified candidate materials for use in assessing higher levels 

O^of hydrogen sulfide in service environments. These included alloy B and Inesloy INCOLOY® 
\V aU oy 600. The Phase I tests showed that alloy » produced a corrosion product color change to 
M dark gray between about 18-25 ppm. The partial pressure equivalents for these conditions are 

0.018 to 0.025 psia hydrogen sulfide. 
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Please replace the paragraph at page 20, lines 8-11 with the following new paragraph: 



The results of the Phase II program, shown in Fig. 18, indicated that Ineeloy 
INCOLOY®alloy 600 produced a corrosion product color change between about 50 ppm and 75 
ppm depending on the service temperature in the range of 250-300‘F. The partial pressure 
equivalent of these conditions are 0.050 to 0.1 psia hydrogen sulfide. __ 

please replace the paragraph at page 21, imes 3 - page 22, line 8 wilhV a- 


1\* VT 


Figures 20A-E show the change in corrosion films on Moae lMONBL ® with mcreasing 
levels of hydrogen sulfide in the environment. Figure 20A shows an exposure to 0 ppm 
hydrogen sulfide. Figure 20B shows an exposure to 5 ppm hydrogen sul fide. Figure 20C shows 
V' an exposure to 10 ppm hydrogen sulfide. Figure 20D shows an exposure to 25 ppm hydrogen 

0 nlMc and Figure 20E shows an exposure to 50 ppm hydrogen sulfide. The change in coloration 

from tarnish to dark gray appears between 5 and 10 ppm hydrogen sulfide. 
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